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We have begun constructing all-solid-state laser systems at 778 nm and at 532 nm in
support of a satellite-based gravity-mapping mission tentatively planned to fly in 2007.
In each case the lasers will be stabilized at short times to high-finesse Fabry-Perot cavities
similar to those of Ref. 1. At longer times the 778 nm laser will be stabilized to the 2-
photon transition in rubidium [2,3]. In the 532 nm system, a frequency-doubled Nd:YAG
laser with a non-planar ring oscillator (NPRO) design will be frequency-locked to a
molecular iodine line [4]. By developing two separate candidate systems with proven
performance we intend to maximize the probability of success for this mission-critical
system development.

The EX-5 mission is a follow-on to NASA’s Gravity Recovery and Climate Experiment
(GRACE), which will map changes in the Earth’s mass distribution due, for example, to
changes in the polar ice caps, large aquifers, and major ocean currents over its five-year
mission lifetime. The map is generated by precise ranging between two satellites
separated by 50-100 km and flying in a low earth polar orbit. The GRACE metrology
uses a microwave source derived from a 5 MHz quartz crystal oscillator specified to have
Allan deviation < 2 x 10™ from 1-100 s and < 5 x 10" out to 1000 s. The resolution of
the metrology is expected to be limited by an on-board accelerometer as well as by
oscillator noise. Improved performance of EX-5 will derive from an improved
accelerometer design and an improved intra-satellite optical link. To support this
improvement the lasers should have Allan deviation < 1 x 10" from 1-1000 s, but with
the goal of significantly improved stability, carried out well beyond an orbit (5500 s).
There is essentially no requirement on accuracy for these systems.
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